Shortly after Molliard (1922) reported the synthesis of gluconic acid by a fungus, Butkewitsch (1923) found a strain of Aspergillus niger which, in the presence of calcium carbonate, formed gluconic acid almost to the exclusion of other acids. A few years later, May et al. (1927) initiated the work of a U.S. Department of Agriculture group, and tested fungi, especially those belonging to the genera Aspergillus, Mucor, Penicillium, and Monilia. They first reported the production of gluconic acid by P. luteum purpurogenum group. After studying (Herrick and May, 1928 ) the conditions for the production of gluconic acid by this organism in surface culture, with the use of shallow pans, Moyer, May, and Herrick (1936) reported that this strain of Penicillium lacked biochemical and vegetative vigor and investigated a large number of Penicillium species, which led to the discovery of a culture of P. chrysogenum (5034-11) having a greater ability to synthesize gluconic acid, than other Penicillium strains.
Using this culture of P. chrysogenum (5034-11) and carrying out fermentations at 30 C in shallow aluminum pans with a surface-volume ratio of 0.4 to 0.5, these workers obtained a 60% conversion of glucose to gluconic acid at the end of 8 to 10 days. They also investigated the production of gluconic acid by P. chrysogenum when cultivated in submerged culture, and reported yields of 80 to 87% (based on the quantity of glucose supplied) in 8 days.
The purpose of the present study was (i) to investigate the use of P. chrysogenum (HA-10) mycelium (obtained at the end of penicillin fermentation) in the calcium gluconate fermentation, (ii) to determine the fermentation conditions for this organism which will produce high yields of calcium gluconate under submerged conditions, and (iii) to investigate the use of hydrol (a byproduct of glucose manufacture containing 50 to 55 % reducing sugar) as the starting raw material in place of glucose for calcium gluconate fermentation. A preliminary report on this study has appeared (Doctor and Ambekar, 1964) .
MATERIALS AND METHODS Cultures. P. chrysogenum strain Thom HA-10, strain HA-9 (a mutant of a Russian strain), and strain Q 176 were used in these investigations. The strains were maintained on agar slants of the following composition: 1% glycerol, 1% glucose, 1% NaCl, 0.5% yeast extract, 0.005% MgSO4-7H20, 0.01% KH2PO4, and 2% agar.
Spore inoculum. Spores of P. chrysogenum were obtained by the following procedure (Thirumalachar and Gopalkrishnan 1963) . A 100-g 713 (2') Calcium gluconate concentration in grams per , 100 ml of fermentation solution (formed from C corresponding amount of glucose (in hydrol) utilized R in 2). amount of barley was weighed in 500-ml Erlen-L meyer flasks and sterilized by autoclaving at 120 C for 60 min. In separate tubes, 20 ml of sterile solution of 6% honey and 1% peptone in water were prepared; 1 ml of the spore inoculum from an c agar slant was taken and mixed with 20 ml of honey-peptone solution aseptically. The mixed suspension was poured in barley flasks and shaken vigorously to disperse the spores evenly on barley grains. The flasks were kept at 24 C for 8 days. At the end of this time, a spore suspension was prepared by adding sterile distilled water to the barley flask and decanting the supernatant aseptically.
Vegetative growth inoculum. Inoculum medium of the following composition was used: 2% sucrose, 1% corn steep liquor (50% solids), 0.3% CaCO3, 0.25% NaNO3, 0.005% MgSO4-7H20, and 0.025% KH2PO4. The pH of the medium was adjusted to 5.5.
Erlenmeyer flasks (500 ml) containing 100 ml of medium were sterilized by autoclaving at 120 C for 30 min. The flasks were inoculated with the spore suspension of P. chrysogenum and incubated with shaking on a rotary shaker (250 rev/min, describing a circle of 2-inch (5.1 cm) diameter) at 24 C for 24 to 48 hr.
Mycelium of Penicillium chrysogenum HA-0.
The mycelium was obtained by aseptic centrifugation of the fermented broth (obtained at the end of penicillin fermentation), washing the mycelial residue with sterile distilled water, and resuspending it in the same volume of water as the original broth.
One of the following methods was investigated for reusing the mycelium: (i) inoculation of the fresh medium with a sample of the previously fermented mycelium, or (ii) filtration of the mycelium under aseptic conditions and resuspending it in the fresh production medium.
Fermentation medium. The fermentation medium reported by May, Herrick, and Wells (1934) was modified to include 15% glucose or 20 to 30% hydrol, and 0.3% NaNO3, 0.015% KH2PO4, A, mycelium from penicillin fermentation as inoculum, 5%; El, mycelium from penicillin fermentation as inoculum, 10 to 30%; *, vegetative growth inoculum (24 or 48 hr), 10%. 0.0125% M1gSO471120, and 2.5% CaCO3. The constituents, with the exception of CaCO3, were dissolved in water and autoclaved at 120 C for 30 min. Calcium carbonate was autoclaved separately and mixed with the rest of the solution before inoculation. When higher concentrations of glucose were used, the concentrations of the other constituents of the medium were proportionately increased. Boric acid was added (after dry sterilization) in the solid form, 24 hr after inoculation. The quantities of boric acid added were 0.28, 0.57, and 0.85% for 20, 25, and 30% glucose media, respectively. These amounts of boric acid were reported (Moyer, Umberger, and Stubbs, 1940) to keep in solution the calcium gluconate formed during fermentation.
Hydrol was diluted 1:1 with water, filtered to remove suspended impurities, neutralized to pH 7.0 with NaOH, and then was added to the medium in place of glucose.
Fermentation. The fermentations were carried out in 500-ml or 1-liter Erlenmeyer flasks on a rotary shaker (250 rev/min, describing a circle of 2-inch diameter) at 24 or 28 C. Results obtained by changing fermentation conditions, including media variation, were compared with the results obtained with the standard medium.
The use of 500-ml and 1-liter Erlenmeyer flasks, and a variation in the volume of the fermentation medium in the flasks, allowed a range of oxygen availability to be obtained, depending upon the degree of aeration desired. (1) 20% glucose + 0.28% boric acid; (2) 25% glucose + 0.57% boric acid; (3) 30% glucose + 0.85% boric acid; (4) 20% glucose, no boric acid; (5) 30% glucose, no boric acid; (1') pH in 1; (3') pH in 3; (4') pH in 4; (5') pH in 5. t Growth in the absence of boric acid is represented by 1.0.
In the experiments concerning the reuse of the mycelium, a fresh batch of shake flasks containing sterile fermentation medium were inoculated with 10% of the fermented broth (with its proportionate amount of fungal growth) from the previous experiment.
Analytical methods. The samples for analysis were taken at 24-hr intervals until the fermentation was completed. A 5-ml amount of the fermentation broth was centrifuged, and the supernatant liquid was used for analysis of glucose and calcium gluconate. The rate of glucose utilization during fermentation was measured by estimating the reducing sugar by the Somogyi (1952) method.
For calcium gluconate assay, the supernatant liquid obtained after centrifugation, was neutralized to pH 7.0 by adding Ca(OH)2, and the calcium gluconate formed was estimated by the method given in the U.S. Pharmacopiea.
The formation of gluconic acid in the fermented media was confirmed by paper chromatographic separation of organic acids on Whatman no. 1 filter paper. A descending technique was used, and the solvent system was butanol-acetic acid-water (4:1:5, v/v; Partridge, 1948) . The chromatograms were developed with a slightly alkaline 0.04% alcoholic solution of bromophenol blue.
Recovery of calcium gluconate. Calcium gluconate was isolated from the fermented broth by the following procedure. The broth was filtered, and the pH of the filtrate was adjusted to 7.0 by adding Ca(OH)2. The neutralized filtrate was concentrated in vacuo to one-third the original volume and cooled to 5 C. Calcium gluconate precipitated out on cooling. The precipitate was filtered and washed thoroughly with ice-cold water and then with acetone, and was dried at 60 C.
When hydrol was used as the starting raw material, the calcium gluconate precipitate was thoroughly washed with ice-cold water by making a slurry in water, and was refiltered under suction.
A yield of 75 to 80% of calcium gluconate based on the initial concentration in the fermented broth was obtained. The crude product was treated with 1 to 2% activated charcoal and recrystallized from water to obtain the pure white compound.
RESULTS AND DISCUSSION
The rates of glucose utilization and calcium gluconate formation during fermentation of glucose (15 %) or hydrol (20 %) medium by P. chrysogenum HA-10 are plotted in Fig. 1 . The results show that with 15% glucose medium 95% of the reducing sugar was utilized for calcium gluconate production in 2 days, and with 20% hydrol medium the rate of utilization of glucose was slower, requiring 3 days to complete the fermentation. Further, a comparison of the plot for glucose utilization with that for calcium gluconate formation shows that a direct relationship exists between utilization of glucose from the medium and the formation of calcium gluconate. Therefore, in all subsequent experiments, only the rate of glucose utilization was measured.
The effect of size and age of inoculum on the rate of glucose utilization by P. chrysogenum is shown in Fig. 2 . It is apparent that when the fermentation medium was inoculated with spores of P. chrysogenum HA-10 the utilization of glucose was slower because of the initial time required by the spores to germinate. Fig. 3 . The results show that the rates of glucose utilization were enhanced with each subsequent reuse of the mycelium, up to the third experiment. After this, the mycelium could be reused for seven additional experiments without significant loss of potency. Since the two procedures (see Materials and Methods for details) employed for the preparation of the mycelium for the reuse experiments gave identical results, the first one was adopted for all subsequent experiments because of its simplicity. During the first run of calcium gluconate production, the rate of glucose utilization was faster with the 24-to 48-hr vegetative growth inoculum of P. chrysogenum in comparison with that of penicillin waste mycelium (compare Fig. 2 and  3) . However, in subsequent experiments where the mycelium was reused, the rate of glucose utilization was the same as when inoculated by the freshly grown vegetative inoculum. Results of the reuse experiments with the latter type of inoculation, however, did not show any enhancement of the rate of fermentation.
The effect of borate addition to the glucose medium on the utilization of higher concentrations of glucose by P. chrysogenum is plotted in Fig. 4 . It was found that addition of 0.28, 0.57, and 0.85% boric acid to the fermentation media was sufficient to keep calcium gluconate formed from 20, 25, and 30% glucose, respectively, in solution, without adversely influencing the rates of glucose utilization. However, if boric acid was omitted from the fermentation, the pH of the fermented broth was lowered owing to the free gluconic acid formation, which in turn may retard (Table  1) show that the addition of boric acid at levels higher than 0.850/% significantly retarded the growth of the mycelium, as shown by a 50% reduction of the mycelium dry weight. Figure 5 shows the effect of increased aeration on the rate of glucose utilization by P. chrysogenum HA-10 during gluconate production, It is apparent from the results that an increased rate of glucose utilization was obtained by an increase in aeration which was caused either by using larger flasks or by reducing the volume of the fermentation medium. Studies on the effect of temperature on the glucose utilization by P. chrysogenum HA-10 showed that the rate of glucose utilization was higher at 24 C than at 28 C (Fig. 6 ). This is in contrast to results with P. chrysogenum strains used by the Russian workers (Pokrovskoya, Novikova, Finogenova, 1963) for glucose oxidase or by the American workers (Moyer, May, and Herrick, 1936) for gluconic acid production, which were grown between 27 and 30 C. Munk, Paskova, Hanus (1963) reported stimulation of glucose oxidase production by A. niger when the fermentation medium was supplemented by KCl or FeSO4*7H20. Similar stimulation of glucose exidase synthesis by these minerals was also reported by Pokrovskaya et al. (1963) , with Penicillium strains. In the present studies, the addition of 0.3% KCI or 0.001% FeSO4 *7H20 to the fermentation medium did not stimulate calcium gluconate production by P. chrysogenum HA-10. A 50% increase in glucose oxidase activity was reported by Munk et al. (1963) , when they compared the fermentation in submerged culture of mixed strains of A. niger with single culture of a strain. The results of studies on calcium gluconate production with mixed submerged cultivation of two P. chrysogenum strains showed no enhancement of glucose utilization (Fig. 7) .
Hydrol, a by-product of glucose manufacture containing 50 to 55% reducing sugar, is a cheaper source of glucose. Therefore, studies were conducted on the use of hydrol in place of glucose for calcium gluconate production. Effects of using various concentrations of hydrol in the fermentation medium on the rate of glucose utilization by P. chrysogenum are reported in Fig. 8 . The results show that an increase in the hydrol concentrations from 20 to 30% significantly decreased the rate of glucose utilization. However, this inhibitory effect of hydrol was partially reversed by pretreatment of hydrol by 2 or 4% activated charcoal, as shown by the results in Fig. 9 . The effect of size and age of the inoculum on the rate of glucose utilization (from the hydrol medium) by P. chrysogenum showed that the rate of glucose utilization is optimal with 10% of the 24-hr-old vegetative growth inoculum (Fig. 10) .
